Aim: To explore ocular changes in healthy people after exercise. Material and Method: Twenty participants underwent exercise for 15 minutes on a treadmill.
Introduction
Although the mechanism has not been fully defined, exercise may cause a reduction in IOP [1] . Physical activity can also make some changes in other ocular parameters like ocular blood flow [2] , tonic accommodation [3] , pupil size [4] , anterior chamber angle [5] , and retinal activity [6] . The choroid is a highly vascularized tissue. It provides oxygen and nourishment to the outer retinal layers and regulates heat at the foveal region. Nearly 90 percent of the ophthalmic artery blood flow is received by the choroid [7] . It is shown that the anatomy and physiologic functions of choroid is quite important in ocular diseases like glaucoma [8] . Several studies have reported noninvasive in vivo measurements of the choroid thickness with optical coherence tomography (OCT) in normal subjects and choroid or retinal diseases [9] . The difference between the systolic and diastolic intraocular pressure (IOP) is called the ocular pulse amplitude (OPA) and it is caused by cardiovascular pulsations and ocular blood flow. The OPA is an index of choroid perfusion and there are many different methods for measuring the OPA and choroid perfusion [10] . The dynamic contour tonometer (DCT; Swiss Micro technology AG, Port, Switzerland) is a relatively new technology that allows the measurement of both intraocular pressure (IOP) and OPA. To the best of our knowledge, there are no previous studies in the literature evaluating choroid thickness and OPA together after physical activity. In our study, we aimed to show the relation between exercise, choroid thickness, and OPA as this may help to understand the mechanism of decrease in IOP after physical activity. The choroid has no or only minimal autoregulation. Thus, changes in systemic blood flow induce changes in the choroidal perfusion and thickness. We aimed to visualize and quantify the choroidal thickness with OCT and show perfusion status with OPA measurements.
Material and Method
This prospective observational study was carried out with the fifth class students of the .. University Medical Faculty from May 15 to December 15, 2014. The study was performed in adherence with the tenets of the Declaration of Helsinki and was approved by the local ethics committee. Informed consent was obtained from all of the study participants. Twenty healthy individuals (12 men and 8 women) with a mean age of 22.65±0.98 years (ages 21 to 24 years) were included in the study. One eye from each participant was randomly selected and the tests were performed at the same time of day (10:00-12:00) to overcome the effect of diurnal variations. History was taken to ensure that all patients were free of ocular or systemic diseases and were not taking any systemic medications known to affect visual functions. Cigarette smokers were not included in the study [11] . As water loading may effect axial length and IOP, participants were asked not to ingest food or liquid for 30 minutes before exercise [12] . The subjects were also asked not to use caffeine and alcohol for 6 hours before the study [13] . The participants were also asked not to exercise 1 hour before the study. Subjects had rest in a sitting position in a quiet room maintained at 20-25ºC prior to the exercise. Each subject was evaluated with an ophthalmologic examination before the study to exclude patients with undiagnosed ocular disease. Visual acuity, refraction, and IOP were measured in all subjects followed by an anterior segment slit lamp exam and a dilated fundoscopic exam. The axial length was measured with Nidek AL-Scan (Nidek Co. Ltd. Gamagori, Japan). All participants underwent blood pressure (BP), IOP, OPA and choroidal thickness measurements before and 5 minutes after exercise. BP measurements were performed using an automated BP cuff. Resting BP was taken before exercise and postexercise BP was taken 5 minutes after exercise. Using the IOP and median BP, ocular perfusion pressure (OPP) was calculated by the equation (OPP =2/3 median BP-IOP). All participants exercised for 15 minutes on an electric treadmill and their heart rates were monitored throughout the exercise. The exercise intensity was the heart rate above 70% of their maximum heart rate, which was defined as 208 -(0.7*age). Electric treadmill speed ranged from7-8 km/h for men and 6.5 -7.5 km/h for women. The IOP and the OPA were measured with DCT by an experienced operator (AEK) after administering topical anesthesia before and 5 minutes after exercise. Each IOP measurement was performed three times. All OCT scans were performed by the same experienced technician who was blind to the study protocol. The choroidal thickness was measured by the Cirrus high definition optical coherence tomography (HD-OCT, Cirrus Version 6.0; Carl Zeiss Meditec, Dublin, CA). Each participant's head was fixed on the sustainer with the eye focusing on the international fixation target without blinking or moving the eye while six radial retinal scans were performed. The scans were only accepted if they were completed, well centered, had signal strength of at least 6, and had no motion or blinking artifacts. After each examination, two independent masked graders (MSD, YT) evaluated the best image that s projected on a computer screen. The image was accepted and used for analysis when two graders determined that both inner and outer borders of the choroid were clearly distinguishable. The choroidal image was obtained according to the previous method [11] . The protocol of HD 5 Line Raster centered foveally and spaced at 0.25mm was performed. This protocol consisted of 6mm parallel lines with 1024 A-scans/ B-scans and averaging 4 B-scans per image. As the inversion of the image by using the Cirrus software results in a pixelated and low resolution image, the images were not inverted to bring the choroid into closer proximity to the zero delay line. The image of the thinnest point of the macula was chosen to prevent the effect of positioning on the measured thickness of the fovea. The image size was doubled, foveally centered and the subfoveal choroidal thickness was measured manually from the outer portion of the hyper-reflective line corresponding to the retina pigment epithelium to the inner surface of sclera by the linear measuring tool of Cirrus software. The thickness of the choroid at the areas 1500μm nasal and 1500μm temporal to the fovea was also examined (Figure1). Two independent raters (MSD, YT) measured images without information about the eye or other observer, as previously described [11] , and the average of the two measurements was taken; the differences between the readings of the masked physicians were found to be within 10% of the mean. In a previous study, subfoveal choroidal thickness measurements by EDI-OCT showed a high intra-observer reproducibility and inter-observer reproducibility [12] . Statistical analyses were performed using SPSS V.20.0 (SPSS Inc., IBM Corp, Chicago, Illinois, USA). The normal distribution of the data was checked using the Kolmogorov-Smirnov test. Statistical analyses were performed using a paired t test. A 95% confidence interval and a 5% level of significance were adopted; therefore, the results with a p value ≤0.05 were considered significant. Tables 1 and 2 outline the results. There was a significant increase in systolic and diastolic pressure, mean arterial pressure (MAP), and OPP after exercise (p < 0.05), as depicted in Table 1 . Choroidal thickness measurements at all locations before and after exercise are shown in Table 2 . There was no significant difference in choroidal thickness at all locations before and after exercise (p >0.05) (Figure 2a) Figure 2b and 2c) .
Results

Twenty
Discussion
To the best of our knowledge, this is the first investigation evaluating choroid thickness and OPA together in young healthy participants after dynamic exercise. Exercise, whether isometric or dynamic, can result in acute decreases in IOP [14] . Our data is consistent with the previous studies which stated that dynamic exercise can lower IOP. In our study, OPA also seemed to decrease after dynamic exercise. The choroid is a highly vascularized tissue and it is directly influenced by intraocular and perfusion pressures. It is shown that OCT is superior to histology in term of accuracy of measuring the choroid thickness [15] . Measurements of the OPA and the choroid thickness together may be important as the relationship between choroid thickness and choroid perfusion is still debated. The OPA is caused by cardiovascular pulsations and ocular blood flow and is an index of choroid perfusion [16] . Figure 2 . Graph displaying the choroidal thickness at the different location: S (subfoveal), N (1500 μm nasal), and T (1500 μm temporal). No significant difference was observed before and after exercise, despite significant change in diastolic and systolic blood pressure, IOP, ad OPA as outlined in Table 1 and 2 (A). IOP and OPA scatterplot before and after exercise(B). IOP and OPA before and after exercise. A decrease was observed before and after exercise (p<0.05) (C). There are many different methods for measuring the OPA and the choroid perfusion including DCT [17] . It was suggested that choroid blood flow may not be correlated with choroid thickness in an experimental study in which measurements with laser Doppler flowmetry showed that increased choroid blood flow preceded the increase in choroid thickness during recovery from deprivation myopia [18] . In contrast, it has been reported that sildenafil citrate increases the choroid thickness due to a vasodilator effect on circulation [19] . This relationship was further investigated in a study that used swept-scan high-frequency digital ultrasound to measure the ocular blood flow and the study suggested that increased choroid circulation may be associated with increased choroid thickness [20] . In another recent study, subfoveal choroid thickness, measured by enhanced depth imaging OCT (EDI-OCT), was not found to be significantly correlated with choroid blood flow in young healthy eyes [21] . The authors suggested that further prospective studies are required to determine the changes in choroidal thickness during stimulation that can cause choroid circulation changes. There are many factors that may affect the choroid [22] but our data indicate that there was not a change in the choroid thickness after dynamic exercise despite a decrease in the IOP and the OPA.
Unchanged ocular blood flow during isometric exercise was reported with different techniques [23, 24] . Riva et al. [23] reported an increase in choroidal vascular resistance that limited increases in choroidal blood flow when OPP increased up to 67%, but this regulatory process failed when OPP increased further. Movaffaghy et al. [24] reported no significant variation in mean velocity, volume, or flow of red blood cells in the range of OPP from 56 to 80mmHg, with increased vascular resistance. Okuno et al. [13] reported that dynamic exercise produces increased tissue blood flow in the retina in the early period but blood flow increases more persistently in the choroid-retina and this difference in control of blood flow in these two regions may be related to stronger autoregulatory mechanism of blood flow in the retina. Based on these reports, it can be said that different types of exercise (isometric vs dynamic) may involve differential regulatory mechanisms. In our study, choroid thickness was not significantly changed by exercise in young healthy participants. This data is in agreement with that from Alwassia et al. [22] and Hong et al. [12] Alwassia et al. studied patients with a mean age of 60.66 ±10.4 years who underwent cardiac exercise stress testing in the cardiovascular stress testing unit. Exercise was stopped as soon as patients reached a given heart rate. In our exercise regimen, healthy individuals ran for 15 minutes on treadmill at 6.5-8 km/h for up to 2 km and continued running even after reaching 70% of their maximum heart rate, similar to the study of Hong et al. [17] Sayın et al. measured CT 5 min and 15 min after dynamic exercise and reported that CT increased 5 min following exercise compared to the baseline but did not differ significantly at 15 min. As a matter of fact, in our study it took us more than 5 minutes to take all measurements but their 15 min results are sinilar to our study [25] . Our investigation demonstrated no significant change in the thickness of the choroid after exercise, despite significant changes in SBP, DBP, MAP, and OPP. This indicates an adaptation of vascular resistance due to vasoconstriction. The mechanism of this regulation is probably mediated by autoregulation or by the intricate neural innervation of the choroidal vessels.
The myogenic theory assumes that changes in transmural pressure are responsible for smooth muscle constriction in response to an OPP increase, in an effort to keep vessel wall tension constant. Neural regulatory mechanisms may play a role as sympathetic and parasympathetic nerves have been previously identified in the choroid [26] .
Our study had some limitations. First of all, the number of cases was limited. Another limitation was that the choroid thickness measurements had to be performed manually, which introduces a potential cause of inter-observer bias. To overcome this limitation, two different observers performed measurements at three different points, a process used in previous studies11, but the time needed to measure the choroid thickness manually may lead to observer fatigue and may increase the possibility of false measurements. Although this is still the most commonly used method for determining choroid thickness, there is still a need to minimize the bias associated with this measurement method. To eliminate factors that may have an effect on choroid circulation, patients on systemic and topical medications, patients with a known systemic or ocular disease, smokers, and pregnant subjects were excluded.
In conclusion, despite these limitations we found that the IOP and OPA significantly decreased and SBP, DBP, MAP, and OPP significantly increased, but choroid thickness did not change after dynamic exercise in a population of young healthy participants. These findings may be useful in future studies investigating the relation between exercise, choroid perfusion, and OPA and may be a step toward understanding the pathogenesis of glaucoma. Our results may change our view regarding the relationship of the choroid and IOP as previous studies have suggested a link between these two variables.
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